The clinical experience of the novel drug temsirolimus on eight patients with metastatic renal cell carcinoma and who were refractory to other forms of treatment is reported. Although none of the patients showed complete or partial response, three patients had stable disease. One patient was prematurely withdrawn due to pneumonitis. Five patients died during the period of observation of twenty months and the median survival time from start of treatment was ten months. Three patients showed no evidence of adverse events (AE). Five patients showed dyslipidemia and two had pneumonitis for which, the drug had to be withdrawn in one of them. None had significant leucopenia. We conclude that temsirolimus has activity even in heavily pretreated patients in advanced renal cell carcinoma and in addition, has the benefits of ease of administration and good tolerability. (JUMMEC 2010; 13 (1): 19-23) 
Introduction
Renal cell carcinoma (RCC) represents 2-3% of all cancers and there appears to be a gradual increase in its incidence (1) . It is often diagnosed late and distant metastases are present in more than one-third of cases. It is usually asymptomatic and the classic triad of flank pain, gross haematuria and palpable abdominal mass is now a rarity (2) . A very important prognostic indicator is its stage (3) . Of the histological types the clear cell type is the commonest, occurring in about 80 to 90% of cases (4) .
Nephrectomy is the primary treatment of choice. But in the presence of metastatic disease conventional chemotherapy, radiotherapy or even immunotherapy are ineffective. Molecular targeted therapy is recommended (5) . The first line therapy for patients with good to intermediate prognosis has been sunitinib or sorafenib. Interleukin-2 and interferon alpha alone or in combination have also been used. In patients with poor prognosis temsirolimus is recommended (6). Its effective use in advanced renal cell carcinoma has been observed in Phase 2 trials and improved survival reported in phase 3 trials (7, 8) .
The main objective of the study was to assess our experience of temsirolimus in patients with advanced renal cell carcinoma who were treated in a local setting as per standard of care. In particular the objectives were three.
Firstly, it was to assess the efficacy of temsirolimus in terms of the number of patients deriving clinical benefit in a group of patients with advanced disease and who were not responsive to other treatment modalities. Secondly, to assess the incidence, type and degree of adverse events seen and thirdly, to assess the survival rate following treatment with temsirolimus in this small group of patients
Methods
The case records of eight patients with advanced renal cell carcinoma and who were treated with temsirolimus were reviewed. All patients had nephrectomies and some form of prior treatment. Such treatment included either radiotherapy, alpha-inteferon, sunitinib, sorafenib or pazopanib.
Patients were administered intravenous temsirolimus 25mg as an intravenous infusion over no less than 30 minutes but with completion of infusion within 60 minutes. Premedication with intravenous diphenhhydramine 25 to 50 mg was given about 30 minutes prior to treatment. The treatment was repeated weekly up and until either the drug had to be stopped due to toxicity or if there was disease progression.
Clinical benefit was defined as the patient having complete response, partial response or if they remained in stable disease. No benefit was when the patient went on to progressive disease after a minimum of eight doses of temsirolimus or when the drug had to withdrawn due to toxicity. Response to treatment was assessed based on clinical grounds and where indicated, radiologically either by x-rays or CT scans.
The adverse events were recorded and graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTC AE v3.0) (9) . Survival was based on all-cause mortality.
Results
There were eight patients with advanced and metastatic renal cell carcinoma who were treated with temsirolimus. Their clinical characteristics are summarized in Table 1 There were seven patients who had completed a minimum of eight doses. One patient had died after three doses were given i.e. patient number 4. In terms of response, none of the patients showed complete or partial response. However, three patients had stable disease while on treatment i.e. patient number 5, 6, and 8. The remaining four patients showed either progressive disease or died soon after eight does of the drug were given.
Of the eight patients, three showed no evidence of adverse events (AE). In the remaining five patients the number of patients affected, type, grade and outcome of the adverse events seen is summarized in Table 2 .
Of interest was the relatively frequent incidence of some form of dyslipidemia. All these patients were non-dyslipidemic before treatment. Also seen were two cases of pneumonitis ; in one, the drug had to be withdrawn temporarily and in the other after 20 doses were given. The implications of these findings are discussed.
Five patients died during the period of observation and their survival pattern in this group of patients is shown in Figure 1 . The median survival time from start of treatment was ten months.
Discussion
Metastatic renal cell carcinoma is a therapeutic challenge because of its poor response to conventional chemotherapy and radiotherapy. Over the last few years, three agents that target critical signaling components involved in tumor angiogenesis and tumor cell proliferation-sorafenib, sunitinib and temsirolimus have been approved for use in metastatic renal cell carcinoma. While the first two agents have been recommended as first or second line treatment for all patients, temsirolimus has been recommended as first line only for patients with poor prognosis (5,6).
The results of the present study show that although none of the eight patients showed complete or partial response to temsirolimus, three patients had stable disease. It must be remembered that these patients were patients with metastatic disease and who did not respond to other treatment. Notwithstanding, the overall median survival rate was 10 months from commencement of treatment.
In a multicentre trial involving 626 patients with previously untreated poor-prognosis metastatic renal cell carcinoma receiving either alpha-inteferon alone, temsirolimus or a combination of the two showed that when compared to alpha interferon , temsirolimus improved the survival rate. The addition of interferon did not make any difference to the survival rate (8) . Of interest was that the survival in the temsirolimus only treated group was similar to ours being close to 10.8 months .
The pharmacological action of temsirolimus is novel. It is an antineoplastic agent that acts as a selective inhibitor for mTOR(mammalian target of rapamycin) kinase (10), a signaling pathway involved in the growth and proliferation of cells. Temsilorimus, a rapamycin analogue, acts as a selective inhibitor of mTOR by binding to an intracellular protein (FKBP-12) and the protein-drug complex binds and inhibits the activity of mTOR that in turn controls cell division (11) . High concentrations result in complete cell growth inhibition in vitro, whereas inhibition mediated by FKBP12/ temsirolimus complex alone results in approximately 50% decrease in cell proliferation. Inhibition of mTOR activity results in a G1 phase growth arrest in treated tumour cells resulting from selective disruption of translation of cell cycle regulatory proteins such as D-type cyclins , c-myc and ornithine decarboxylase. When mTOR activity is inhibited, its ability to phosphorylate and thereby control protein translation factors that control cell division is blocked. The antitumour effect of temsirolimus may also in part arise from its ability to depress levels of hypoxia-inducible factors (HIF) and vascular endothelial growth factor (VEGF) in the tumour microenvirionment and thereby impair vessel development (12) .
Notwithstanding its novel pharmacological actions, like all anti-neoplastic agents, its adverse reaction may have been of concern. However, in our small sample of patients no adverse events were seen in three patients. None of the patients had significant leucopenia. The majority of the patients had only Grade 1 severity and was easily managed with supportive care. Of interest was the relative frequency of some form of dyslipdemia and interstitial lung disease. These adverse effects are known (13) and others have had similar experience (14, 15) ). The mechanism for hyperlipidemia remains unclear but presumably, being an mTOR inhibitor it is involved in lipid metabolism. The mechanism of development of pneumonitis is also unclear although Survival time in months from start of treatment T-cell mediated delayed type hypersensitivity mechanism has been proposed (15) . Treatment had to be discontinued in both our patients, one temporarily and the other after 20 doses were given. In the other patient with deranged liver function tests it was only temporarily withdrawn.
The recommendations are that temsirolimus be reserved as the first line only for patients with poor prognosis (6). Based on the results of our albeit small sample, we have shown that temsirolimus has activity even in heavily pretreated patients and it has the added benefits of ease of administration and good tolerability. The results of more randomized controlled trials are needed to confirm whether it has a role even in patients with good prognosis and more importantly to determine optimal sequencing of targeted agents and their role in adjuvant therapy (16) .
